Abstract. This study measures technical efficiency of the Malaysian insurance companies using a new framework for performance efficiency, built on the intermediation approach, by decomposing the complex service processes of insurance companies into two functional divisions, premium accumulation and investment capability. The study employs a dynamic network data envelopment analysis for performance evaluation of insurer (life, general and composite insurers) and ownership (local and foreign) types, spanning the period 2007-2014. The findings reveal a lack of efficiency in the investment capability function among local insurers as compared to their foreign counterparts. While the composite or non-specialized segment performs better in the investment capability function, the general segment achieves better efficiency in the premium accumulation function. The results suggest the high usage of input quantities and lack of total investment as key reasons for low efficiency, particularly among the local insurers. Implications for business excellence for insurance companies are further discussed.
Introduction
In the context of performance efficiency using the data envelopment analysis (DEA) approach, the important question on the true measure of production mechanism for insurance companies remains vague (Brockett et al. 2005) . There are two theoretical streams to evaluate the efficiency of an insurance company, namely the production approach and the financial intermediary approach (Brockett et al. 2004) . Under the production approach, the role of financial institutions is confined to that of service providers to account hold-ers, while in the intermediation approach, financial institutions act to channel the funds between savers and investors. Berger and Humphrey (1997) differentiate between the two approaches in identifying how to measure the performance of financial services. The production approach is found to be suitable for evaluating financial branches or subsidiaries, while the intermediation approach is more appropriate for evaluating the entire financial industry (Berger, Humphrey 1997; Brockett et al. 2004) .
The current insurance literature has given more emphasis on the use of the production approach, which is more appropriate for evaluating the performance of manufacturing companies (Chen et al. 2011; Cummins, Rubio-Misas 2006; Cummins et al. 2010; Cummins, Xie 2008; Eling, Luhnen 2010b; Kuo et al. 2017; Lu et al. 2014; Nourani et al. 2017) , while the application of the intermediation approach has not received much attention in insurance-related studies. Additionally, although recent research has increasingly focused on the empirical evaluation of insurance efficiency, recent studies have largely adopted traditional measures of efficiency evaluation (Biener, Eling 2012; Cummins et al. 2010; Huang et al. 2012; Huang, Eling 2013; Xie 2010) ; therefore, a consistent conclusion remains elusive. The traditional DEA assumes a service process as a single black box that transforms inputs to outputs. However, more than one stage may be involved in completing a service process. Therefore, by using the traditional DEA approach, we are in fact neglecting the internal linking of activities between different stages or divisions, and thereby neglecting the decomposed inefficiencies of each stage. As such, the multi-stage DEA approach, introduced to open up black boxes, is needed to address the issue of efficiency (Färe et al. 2007) as it identifies the source(s) of inefficiency in the whole service process. In this respect, one may overestimate or underestimate the efficiency scores if a proper technique is not applied. In fact, an accurate measure of performance measurement is a preliminary step to achieve business excellence within any financial or non-financial entity.
This study builds on the use of the financial intermediation approach in line with Brockett et al. (2005) and proposes a new framework for insurance companies to assess their performance, which is supported by an extant theory on insurance literature. Following which, the results of this study provide useful input on resource allocation and strategic decision-making for insurance companies. The remainder of this study unfolds as follows: Section 1 details the proposed new framework for measuring insurance efficiency. Section 2 describes the research design. Section 3 discusses the research findings, and the final section concludes the study.
Proposed insurance efficiency framework

The service process for insurance
The traditional performance assessment framework for insurance companies is rooted in the production process of manufacturing systems. Unlike manufacturing, insurance reflects a special type of service process (Müller 1981) . Pfeffer and Klock (1974: 3) define insurance as follows: Insurance is a device for the reduction of uncertainty of one party, called the insured, through the transfer of particular risks to another party, called the insurer, who offers a restoration, at least in part, of economic losses suffered by the insured. The contemplation of this definition highlights the fundamental function of an insurance company; the reduction of risks through some transfer mechanisms. The concept of risk transfer is a theoretical phenomenon, it is not operational or practical to the needs of an insurance company (Müller 1981) . In fact, an important deduction of the insurance definition lies in the process where risk transfer occurs. It is not a convincing argument for insureds to assume a certain amount of premium in exchange for the transfer of risks, but rather to explain what is taking place during the risk transfer mechanism. The process of operationalizing an insurance company covers economic losses (Pfeffer, Klock 1974) , and the flow of money into the insurance system from premium contributors and from the insurance system to claimants (Trowbridge 1975 ). An insurance company favours the money transfer definition of insurance arrangement (Müller 1981) . The flow of money in the insurance system requires the regeneration of money through investment.
Here, the concept of service process of an insurance company relates to the entire spectrum of business activities. There are a number of theories underlying the service process of an insurance company. The production theory for an insurance company provides a shallow picture of insurance activities, given its non-material nature. The contribution of actuarial sciences to insurance can provide provisional risk estimation and forecasting, yet the service process is bounded to probability distributions and stochastic processes (Mül-ler 1981) . The financial portfolio theory for an insurance company views the activity of an insurer as a "levered investment operation" that borrows funds, by issuing risky obligations (premium accumulation) and investing part of these funds in securities (Biger, Kahane 1978; Doherty 1980) . Relying on the same theoretical concept, Haugen and Kroncke (1970) considers an insurance company as a financial intermediary that generates capital by selling a diversified portfolio of insurance claims (capital generating opportunities), and invests the funds in a balanced portfolio of financial instruments (investment opportunities). Likewise, MacMinn and Witt (1987) forwards that an insurance company has to make two decisions; the first decision involves the number of policies to sell pertaining to the underwriting activities to accumulate premiums, and the second involves, how to invest these generated funds in an investment portfolio to yield highest profits.
While the "levered investment operation" view of an insurance company has received criticism 1 , it appears to be the most rational perspective. In fact, for a firm-level analysis of cash flow activities, the insurance company is viewed as a financial intermediary that aims to maximize profits. Figure 1 shows the flow of funds in an insurance company. It revisits the insurance cash flow activities as a financial intermediary entity (Brockett et al. 2004 (Brockett et al. , 2005 , and allows us to capture the financial cash flow of an insurer as a fund receiver and a fund investor chronologically.
Based on the discussion above, the following sections define the key functions of the service process and emphasizes the important role of the time dimension for the analysis.
Core service functions
The first stage involves activities to accumulate and/or generate funds, which is the premium accumulation function. Being a financial intermediary entity, an insurance company issues contingent claims to policyholders. More precisely, insurers borrow money from policyholders to feed the reserve of assets. Ultimately, a part of the borrowed funds will be returned to the claimants as the costs of claims. As shown in Figure 1 , these activities provide inflows and outflows into the reserve within the premium accumulation function.
The second involves investment activities of an insurance company, which is the investment capability function. An insurance company uses a part of the capital accumulated from policyholders (premiums) and stakeholders (capital supplied) to purchase a portfolio of assets. A higher insurance capital provides more security for policyholders in terms of compensation in the event of losses. Brockett et al. 2005 Brockett et al. , 2004 
Time dimension
Von Lanzenauer and Wright (1977) pointed out that there is a need to explicitly model the interactions in insurance activities in a dynamic manner because the stationary condition is rather a weak assumption. While the study by Müller (1981) implicitly discussed the time dimension in the insurance information model, the literature, to date, has not discoursed the issue of time dimension in the context of service processes of insurance companies. Particularly, there are some input factors within the service process that may not produce any effects within the postulated time. In short, there is a lag effect for these factors in the service process. These input factors are so called carry-over inputs (Tone, Tsutsui 2010) . The service process of an insurance company often is evaluated in a static nature without much consideration given to the time dynamics. Hence, it is important to incorporate the evolutionary perspective (time dimension) into the service processes of insurance companies.
Research design
Performance evaluation in insurance
Performance evaluation has progressively become a reliable measure of business excellence. Nowadays, various business enterprises, including insurance companies, utilize the frontier efficiency analysis because a performance measurement technique has to deliver enough information to link up with business strategies, whereas, the single-dimensional ratio analysis such as profit or cost evaluation techniques lack inferential ability. In the literature, two primary methodologies have been used by insurance studies to estimate efficient frontiers: econometric or parametric approach, and mathematical programming or nonparametric approach. While both approaches have their own advantages and disadvantages, nonparametric methods, in particular the DEA, are highly popular among insurance studies (Eling, Luhnen 2010b) .
Efficiency-related studies using the DEA technique among insurance companies can be traced back to the early 1990s (Bjurek et al. 1990; Mahajan 1991; Fecher, Pestieau 1993; Cummins et al. 1996 , Cummins, Zi 1998 , Cummins et al. 1999 . There are also recent attempts to measure the efficiency of insurance companies (for example, Huang et al. 2012; Huang, Eling 2013; Kweh et al. 2014a Kweh et al. , 2014b Kuo et al. 2017; , but insurance-related studies remain limited relative to research on other financial institutions. The study by Liu et al. (2013) on DEA application in research published between 1978 and 2010 show that only 44 (1.4 percent) papers focused on insurance companies, whereas 323 (10.3 percent) papers were related to the banking sector. The need for research on insurance efficiency is of fundamental importance, as the insurance sector has the potentials to contribute to economic growth (Arena 2008) .
Apart from the dearth of literature on insurance, limitations also prevail in the models employed to measure performance. The traditional frontier efficiency models, including conventional DEA models, are unable to detail the sources of inefficiency (Wu et al. 2016) .
For example, insurers use assets and expenditures to generate premiums, and then premiums are meant to be utilized for investments plans. The premiums play a dual role in the whole service process. In the first stage, premiums are the outputs, and then become the inputs in the second stage. The first stage outputs are the intermediate measures of service processes that link the two stages (Färe, Whittaker 1995) . Instead, the multi-stage DEA approaches, or so called network DEA (NDEA), open up black boxes to provide detailed efficiency measures about what happens inside them (Färe et al. 2007) . Hence, the multistage efficiency approach is now becoming popular in insurance-related research.
To date, the DEA literature on insurance has also focused largely on the dynamic aspect (Kweh et al. 2014a; Wanke et al. 2015 or the network aspect . However, the vibrant and complex service processes of insurance companies demand the consideration of both structures in efficiency evaluation. In this study, both structures are considered as the two service functions of insurance companies require a network structure, connected through intermediate measures, and the time dimension, in turn, requires the linking of activities or carry-over factors, to explain the dynamic nature of businesses. To this end, the service process of an insurance company, as the form of an underlying dynamic network DEA (DN-DEA) problem, requires the identification of input, intermediate, carry-over and output factors.
Choice of input and output factors
An important step in performance evaluation is identifying the contributing factors. This issue is particularly critical for a service sector such as insurance, as opposed to manufacturing sectors where physical resources produce physical products. Generally, the resources used in a service process are the inputs, and the outcomes are the outputs (Zhu 2014: 1) . There are three main insurance inputs, labor, business services and materials, and capital (Brockett et al. 2005 (Brockett et al. , 2004 Cummins, Weiss 2013) . The selection of output quantities relates to the service processes of insurance companies. The production approach uses the value of losses incurred as an output (Cummins et al. 1999) . However, Brockett et al. (2005 Brockett et al. ( , 2004 asserted that the inclusion of incurred losses as output, counters the general notion of efficiency.
The dynamic network process combined with the financial intermediation approach in this study provide a better understanding of insurance activities, as illustrated in Figure 2 . In the first stage, an insurer accumulates premiums by utilizing the inputs that are commonly used by both production and financial intermediary approaches (Brockett et al. 2005 (Brockett et al. , 2004 Cummins, Weiss 2013) . This study utilizes labor and business service expenses, equity capital and debt capital as the inputs for the premium accumulation function. Brockett et al. (2005 Brockett et al. ( , 2004 used the owners' stake or equity of the previous year for the DEA analysis. The reason for this is the lag effect of equity capital in the service process of an insurance company. Hence, this study includes equity capital as the carry-over input in the first stage. The utilized inputs in the first stage produce the net earned premium (positive) and net claims (negative). These two factors are intermediate items, since these are also the input factors for the second stage. The aim of second stage is to gain profit and add value to the business through investment activities. Therefore, the investment stage uses two in-termediate factors along with total investment, which are accumulated from previous year insurance activities, to produce the two final outputs, investment income and net profit. It is worth noting that total investment is an input quantity, which one cannot except to see its immediate effect in achieving the profit/loss for an insurance company. Subsequently, this study includes total investment as carry-over item in the second stage. Table 1 provides the summary of the variables used in the dynamic network insurance efficiency framework.
Preliminary requirements of DEA
First, the decision-making units (DMUs) of a DEA analysis must fulfil the homogeneity assumption. Farrell (1957) proposes that the evaluation results is significant only when the DMUs are homogenous. Considering that DMUs of a DEA model must possess identical attributes, similar objectives and same market conditions (Golany, Roll 1989) , this study only selects conventional insurance companies publicly traded in the Malaysian market as the DMUs. Further, all insurance companies, including life, composite and general, are considered similar in operating the two functions, premium accumulation and investment capability.
Second, the minimum number of DMUs must follow a rule prior to the DEA analysis. According to Golany and Roll (1989) , the number of DMUs should be at least twice the number of input and output factors. In this study, there are 31 DMUs and this satisfies the requirement for the minimum number of DEA in the two stages [i.e., 31 > 2 × (4 + 2 + 2)]. 
X1
The total amount of labor and business service expenses including employee benefit expenses and key management personnel compensation for the year. (Eling, Luhnen 2010a) Income statement
Debt capital X2
The total amount of insurance contract liabilities, financial liabilities, insurance payables and tax liabilities of the year. (Brockett et al. 2005 (Brockett et al. , 2004 Balance sheet
Carry-over inputs
The total amount of shareholders' equities including share capital, retained earnings and other reserves at the beginning of the year. (Brockett et al. 2005 (Brockett et al. , 2004 Balance sheet
The total amount of all government and nongovernment securities and other investments of an insurance company at the beginning of the year. (Brockett et al. 2005 (Brockett et al. , 2004 Balance sheet
Intermediate inputs/outputs Net earned premiums Z1 The total amount of gross earned premiums minus premiums ceded to reinsurers for the year.
Income statement
Net claims Z2
The total amount of gross benefits and claims paid minus the claims ceded to reinsurers for the year. (Brockett et al. 2005 (Brockett et al. , 2004 Income statement
The total amount of generated income from all the investment activities for the year. (Brockett et al. 2005 (Brockett et al. , 2004 Income statement
Net profit Y2 The total amount of income after deducting all the operating and tax expenses for the year. Third, the DEA analysis requires "isotonic" assumption, meaning that input and output factors should have positive correlation (Golany, Roll 1989) . More specifically, a proportional increase in an input variable should result in a proportional increase in an output variable. Based on the Spearman's rho correlation test reported in Table 2 , significant positive relationships exist between the input and output factors. This result satisfies the isotonic assumption. Thus, the developed DN-DEA framework is considered to hold high construct validity.
Model specification of DN-DEA
A DEA model provides the efficiency scores as well as the frontier projections, based on slack values for inefficient DMUs. In doing so, the selected model defines the reference set for inefficient DMUs; then they have to follow a certain efficient DMU in order to become efficient units. There are two types of efficiency measure models, namely radial and nonradial. Each model type provides a unique result and suggestion for inefficient units. The Charnes, Cooper and Rhodes (CCR) model (Charnes et al. 1978) is the basis for the radial approach, and the slacks-based measure (SBM) model (Tone 2001) represents the non-radial approach. While radial models neglect the non-radial input and output slacks, non-radial models overlook the radial characteristics of inputs and outputs, if any (Cooper et al. 2007: 89) . Radial models may lack objectivity in terms of reflecting the real input/output conditions for each organization, and stand on the assumption that inputs or outputs undergo proportional changes (Wu et al. 2016) . Non-radial models, on the other hand, which deal directly with the input excesses and the output shortfalls and do not change proportionally, may achieve results that are more realistic. The changing nature of operational preferences of companies in today's business world makes the choice of the non-radial approach more relevant (Avkiran 2009 ). Hence, this study measures the efficiency of insurance companies using the non-radial approach. For this purpose, the SBM model is considered a reliable non-radial measure. Tone and Tsutsui (2010, 2009 ) introduced the network SBM and the dynamic SBM model in which both models account for slacks when measuring efficiency. Combining both models, Tone and Tsutsui (2014) formalized the dynamic DEA with network structure and named it as the dynamic network slack-based measure (DNSBM). As pointed out by Tone and Tsutsui (2014) , this model takes into account multiple divisions linked to intermediate activities of the network structure at each period of time (vertically) and connects the network structure through carry-over activities among two following periods (horizontally). In fact, the blend of two structures, dynamic and network, provide a more comprehensive analysis, whereby both divisional and periodical interactions are considered simultaneously. Hence, this study selects the DNSBM model to measure the efficiency of insurance companies.
Objective function
There are three main objective functions to follow, input-oriented, output-oriented and non-oriented (Cooper et al. 2007: 115) . The input-oriented approach targets to minimize input quantities, while satisfying at least the given level of output quantities. On the contrary, the output-oriented approach aims to maximize output quantities, while maintaining the observed level of input consumption. The third approach, non-oriented, deals with input excesses and output shortfalls at the same time in order to maximize both. The choice of objective function will determine the projection path to the envelope surface by which a DEA analyst can suggest the area of improvements in both inputs and outputs. Whether to choose the input-, output-or non-oriented approach depends on the service process that characterizes the company's operation. For the purpose of the insurance efficiency framework, the objective is to identify both over-utilization of input quantities and shortage of output quantities. Therefore, the non-oriented approach for the objective function is chosen.
Production technology
The envelopment surface, which defines the production possibility set (PPS), will differ depending on the scale assumptions relevant to the production technology. Two general scale assumptions exist: constant returns to scale (CRS) and variable returns to scale (VRS). CRS refers to the proportional changes of inputs and outputs, while the VRS does not assume such proportional changes. There is a need for rendering reasonable care when choosing a return to scale type, though the identification will not be an easy one since DEA is a data oriented and non-parametric technique. Cooper et al. (2007: 334) suggest "if the data set includes numeric values with a large difference in magnitude, the VRS model may be a choice. However, if the data set consists of normalized numbers, the CRS model might be an appropriate candidate". The VRS is chosen to offset the possible influence of different scales of inputs and outputs on efficiency. Following Lu et al. (2016) , this study also conducted statistical tests between the efficiency scores under CRS and VRS technologies for the two stages. The unreported results support the use of VRS technology.
DNSBM model
This study selects the non-oriented, VRS, DNSBM model to evaluate the efficiency of insurance companies. As suggested by Cooper et al. (2007) , this study runs the efficiency analysis with the help of DEA SolverPro TM V.11 developed by SAITECH, which encompasses all the new models including the DNSBM. The DNSBM formulation proposed by Tone and Tsutsui (2014) is as follows:
Consider the dynamic network processes presented in Figure 2 that deal with n insur- (4) suggests that the constructed best practice frontier exhibits VRS technology at stage. (5) points that the linking activities are treated as input to the succeeding division and excesses are accounted for in the input inefficiency. (6) presents that the linking activities are treated as output from the preceding division and shortages are accounted for in the output inefficiency. (7) shows that the carry-overs are treated as inputs and their values are restricted to be not greater than the observed ones. Comparative excess in carry-overs is accounted as inefficiency. The production possibility set for the objective
, (4), (5), (6) and (7). Let an optimal solution (1) subject to (2), (3), (4), (5), (6) and (7) 
The non-oriented overall efficiency during the term T for the objective DMU o can be defined by 
This objective function (8) is an extension of the non-oriented SBM model (Tone 2001 ) and deals with excesses in both input resources and undesirable (bad) links. The numerator is the average input efficiency and the denominator is the inverse of the average output efficiency. This study defines the non-oriented overall efficiency as a ratio that ranges between 0 and 1, and attains 1 when all slacks are zero. This objective function value is also units-invariant.
Period efficiency is defined for the objective DMU o by
Divisional efficiency for the objective DMU o is defined by
Period-divisional efficiency (premium accumulation efficiency or investment capability efficiency at time t) for the objective DMU o is defined by 
The projection of a target insurer is defined bŷ
( 1,..., ; 1,..., ; 1,..., ) 
Data description
The efficiency analysis requires firm-level data of insurance companies. The firm-level data for this study is compiled from annual reports of publicly-traded insurance companies in Malaysia, including companies in general insurance segment, life insurance segment and life and general insurance segment (composite or non-specialized). As of 2014, there are 33 insurers operating in the Malaysian insurance sector. After excluding the insurers with missing values, a total of 31 insurers were selected; 19 general insurers, 9 life insurers and 5 composite insurers. The data covers 8 years, [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . Given the lag effect of carry-over items, the sample is made up of 217 observations. The total net premiums earned by the 31 companies constitute 98 percent of the total, suggesting that the sample is representative of the Malaysian insurance sector. Table 3 presents the summary statistics of the sample. There is significant variation in the data, which indicates the differences in the operating scales of the sampled insurers. The large differences across insurers also justify the use of unit-invariant in the efficiency analysis (Du et al. 2014) . For more details on yearly statistics, see Appendix Table A1 . Table 4 reports the overall efficiency scores of insurers. The findings suggest that specialized insurers achieved higher overall efficiency, on average, at 82.86 percent for life insurers and 79.72 percent for general insurers, as compared to composite or non-specialized insurers at 77.67. The overall efficiency of general insurers consistently surpassed that of the life and composite segments, while the latter two witnessed fluctuations in their efficiency scores. However, the efficiency scores for life insurers remained above the sectoral average, and vice versa for general insurers.
Research findings
Efficiency analysis
To statistically examine if differences exist between the insurance-type, life, general and composite, as well as ownership-type, foreign and local, this study utilizes the Kruskal-Wallis test. This non-parametric test shows that overall efficiency does not differ across company type (Table 7) . The non-significant result may suggest that the insurance companies are homogenous, and thus supports the homogeneity requirement for the DEA analysis. However, an opening up of the black box will enable us to reveal some finer differences among them. The same result does not hold for ownership type. The overall efficiency scores for foreign insurers' are found to be higher than that of local insurers, and also of the total average, suggesting the strength of foreign players in the local market. Notes: F -foreign; L -local.
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The Kruskal-Wallis test further confirms that significant differences exist between the overall efficiency scores of foreign and local insurers at the 1 percent significant level (Table 7) . Foreign insurers are able to better utilize resources given their technological advancement (Huang et al. 2012) , and quality of services (Choi, Elyasiani 2011) . In this regard, policymakers should encourage learning and understanding of the best practices of the foreign insurers among the local insurers. Based on yearly average scores, only local insurers became more inefficient in 2009 with the implementation of some liberalization measures in the sector. In fact, most insurers experienced increases in efficiency scores in the aftermath of the 2009 financial liberalization policy and the 2008-2009 global financial crisis. Progressive Insurance Bhd, with a long history of operation in Malaysia, is the only general insurer that gained an efficiency score of one for all the years, while the Great Eastern Life Assurance Bhd, a Singaporean based company and the biggest insurance company in terms of total assets, achieved full overall efficiency among the life insurance segment.
The disaggregated insurance efficiency scores into premium accumulation and investment capability are presented in Table 5 and Table 6 , respectively. It is apparent that the main driver of overall efficiency in the Malaysian insurance sector is premium accumulation. In other words, the Malaysian insurance companies appear to be more efficient in terms of accumulating premiums (89.58%) rather than in investment strategies (78.80%). This finding holds true for both foreign and local insurers. Notes: F -foreign; L -local. However, the types of insurers matter. Composite insurers present better investment abilities (89.24%) than accumulating premiums (76.35%), relative to the other two segments. As Table 7 shows, the efficiency scores of the composite segment statistically differ from the other two segments, which supports the conglomeration hypothesis (Cummins et al. 2010) when it comes to the investment capability function, and supports the strategic focus hypothesis (Cummins et al. 2010) when it comes to the premium accumulation function. This is a key advantage of the network structure, as one is able to extract the underlying reasons for the different types of inefficiencies.
Similar to the results for overall efficiency, foreign insurers are again statistically superior in both the premium accumulation and investment capability functions as compared to local insurers (see Table 7 for tests of differences).
Comparing the results using different models
While the insurance efficiency framework justifies the use of a DN-DEA model, this study compares the discriminating power and the average efficiency scores between various DEA models in Table 8 . In the traditional models, CCR and Banker, Charnes and Cooper (BCC), and SBM, the carry-over and intermediate variables are removed. The intermediate variables in the DSBM model and the carry-over variables in the NSBM model are not included in the analyses. Within traditional models, CCR shows lower efficiency scores and less efficient DMUs, supporting the higher discriminating power of this model (Banker et al. 1984) . However, the network idea introduced to reveal the underlying function of a production or service process, leads to higher discrimination power because it literally expands the sample through a factor of the number of processes in the framework (Kao 2009 ). Table 6 On the other hand, the dynamic approach poorly performs in terms of discriminating the efficient insurers, where it has the highest number of efficient DMUs among all the models. However, with the inclusion of the dynamic structure in the network approach, the discriminating power lessens as compared to the network model, and is therefore far better than the dynamic model. As mentioned by Avkiran (2015) , this issue warrants the dimensionality in an efficiency analysis with greater emphasis on input quantities. Notes: 1. Number of efficient insurers (average period efficiency score); 2. CCR and BCC are output oriented; 3. SBM, DSBM, NSBM, and DNSBM are non-oriented, VRS.
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Cluster analysis
For multivariate data analysis, the cluster analysis has been identified as an effective tool for grouping objects (Jain 2010) . It allows for a natural classification to identify the degree of similarity among objects. The cluster analysis goes through the data points by means of partitioning them into disjoint groups, in which the points fitting in the same cluster have similar attributes, while points fitting different clusters possess dissimilar attributes (Ding, He 2004) . In fact, we perform the cluster analysis to have a better indication of the efficiencies of insurance companies by grouping them based on their three obtained efficiency scores. That is to say, we simultaneously include premium accumulation efficiency, investment capability efficiency and overall efficiency to obtain the location point for each insurer. Hence, a good performing insurance company must perform well in all three efficiency scores. Using the cluster analysis, the study groups the insurers according to the efficiency scores obtained in the two functions and the overall efficiency. Two algorithm approaches are available in identifying the groups: hierarchy and partition. While the former finds a nested series of partitions to form a cluster hierarchy, the latter produces only one partition of the data without imposing a hierarchical structure (Jain et al. 1999) . In a comprehensive review of the cluster analysis application, Punj and Stewart (1983) concluded that partition clustering algorithms are preferable to the hierarchical methods, however, the arbitrary number of output clusters may pose a problem (Punj, Stewart 1983) . One can overcome this problem by running multiple algorithms with different numbers of clusters and selecting the best configuration obtained from all of the runs. The K-means has been known as the most reliable and popular partition method due to its simplicity, ease of implementation, empirical success and efficiency (Jain 2010; Punj, Stewart 1983) . This study uses the K-means analysis as described in Jain (2010) .
Using the average efficiency scores for premium accumulation, investment capability and overall, we run a K-means cluster analysis to categorize the homogeneous insurers into different groups. This study executes the K-means cluster analysis using the Matlab Statistics Toolbox TM . In doing so, this study uses the Euclidean distance function, which is the best method for computing the distance between objects and centroid 2 (Hair et al. 2009 ). As mentioned above, the arbitrary number of clusters may be the most critical choice in performing K-means. Hence, we run the K-means for k equals to 2, 3 and 4 clusters. In order to find the best solution, we computed the average silhouette values 3 of all three possible options. The higher average silhouette values indicate a better cluster separation in that particular k number of clusters. Consequently, the comparison shows that the 4-cluster algorithm provides us with higher average silhouette values 4 (0.7040).
The K-means analysis categorizes the insurers into four groups, namely, top, middlehigh, middle-low and bottom clusters. Figure 3 illustrates the visual composition using the coordinates (average divisional efficiency and overall efficiency scores) of each insurer into a 3D plot. The cluster analysis assigned 10 insurers to the top cluster, eight insurers to the middle-high cluster, seven insurers to the middle-low cluster and six insurers to the bottom cluster. Table 9 provides the average analysis of the clusters in accordance with insurer and ownership types. The top cluster consists of 10 insurers with an average overall efficiency of 98.90 percent, which is higher than the sectoral and other clusters' averages. This cluster takes the lead in the average divisional efficiency of sectorial and other clusters. The insurers in the middle-high cluster gained higher average efficiency in both premium accumulation division and overall efficiency, yet they achieved lower efficiency in the invest-ment capability division as compared to the insurers in the middle-low cluster. While the average premium accumulation of the six insurers in the bottom cluster is higher than the middle-low group, their investment capability efficiency and overall efficiency are lower than other clusters. Due to the few number of insurers in the sample, this study merged the top and middlehigh groups and also middle-low and bottom groups to provide more meaningful results. The results reveal that foreign insurers outstripped their local counterparts in divisional and overall efficiencies in clusters 1 and 2. However, within the lower clusters, local insurers managed their investment strategies better than foreign insurers. The total number of foreign insurers as compared to local insurers in the upper clusters (10 versus 8) signal the need for addressing efficiency among local companies. This finding is consistent with the results of superiority of foreign insurers in achieving higher periodic efficiency scores as compared to locals.
Among the top performers, general insurers acquired the highest premium accumulation efficiency, while life insurers outperformed the other segments in investment capability and overall efficiencies, and composite insurers remained in the middle. The same holds for general insurers in the weak performing group. Composite insurers did better, comparatively, in the investment capability division. The majority of general insurers found their place among good-performing clusters, but not composite insurers.
Frontier projection analysis
Through frontier projection analysis, this study also identifies the potential areas of improvements for the input, output, intermediate and carry-over variables, distinguished by year, insurer and ownership types. The aim is to derive the marginal contributions of a decrease in input amounts or an increase in output amounts in improving the efficiency scores. Table 10 provides the average excess (negative values) and shortage (positive value) of each variable.
To improve the premium accumulation efficiency, the insurers, on average, have to reduce business service expenses (X1) by 8.45 percent, debt capital (X2) by 9.73 percent and net claims (Z2) by 1.37 percent, and increase their equity capital (C1) and net premium earned (Z1) by 9.28 percent and 8.75 percent, respectively. Interestingly, the Malaysian insurance sector appears to better able to manage the intermediates, where the needs to increase net premium earned and to decrease the net claims become less important.
The main deficiency of local insurers in the premium accumulation function was due to excess usage of input quantities (consistent through the years), which is directly related to inadequate managerial abilities to allocate the resources in efficient manner. The excess usage of inputs is also the reason for the low efficiency of composite insurers relative to other segments. Nevertheless, composite insurers have suffered from the shortage of their net premium earned. There is another vital weakness within the composite segment. Composite insurers appear to waste their equity capital, particularly from 2012 to 2014, as opposed to the shortage of this carry-over item in the life and general segments.
The lack of total investment by local insurers can explain their low efficiency scores. On average, local insurers have to increase their investments by 77.15 percent. Their investment income must also increase by approximately the same percentage. Local insurers must restructure their investment policies and attract more foreign direct investment (FDI). Note: labour and business service expenses (x1), debt capital (x2), equity capital (c1), total investment (c2), net earned premiums (z1), net claims (z2), investment income (y1), net profit (y2).
Specifically, the general segment suffered severely from shortage of total investment, at 92.39 percent on average, which in turn has significantly reduced its investment capability efficiency. Composite insurers, however, efficiently utilized their total investments and gained investment income, but they did not outperform in terms of net profit. In fact, increasing net profit should be the key concern for life and composite insurers, but not general insurers. The detailed suggestions for each insurance company to become efficient are provided in Appendix Table A2 .
Conclusions
Based on the intermediation approach, this study proposed a new framework for performance efficiency to evaluate the business excellence of insurance companies. Following from the financial portfolio theory, the proposed framework disaggregated the service processes of insurance companies into two functions, namely, premium accumulation and investment capability. This study then applied the new framework to measure the efficiency of the Malaysian insurance companies across insurer and ownership types.
The results indicate lack of overall and divisional efficiencies among local insurers. The lack of overall efficiency is mainly due to the poor performance in the investment capability division. On average, life insurers stand above the average overall efficiency, while general insurers are superior in premium accumulation division, and composite insurers are better in investment capability division. The cluster analysis produces results that are largely consistent with the efficiency scores. Foreign insurers produce better average efficiency scores than their local counterparts in the top clusters, while the local insurers in the bottom clusters perform better in investments. The high number of local insurers among low performers calls for special attention for addressing inefficiencies of local insurers.
Finally, this study provides the potential areas of improvement for insurers to tackle the inefficiencies in their operating activities. Overuse of input resources are the major reasons for the low premium accumulation efficiencies of local insurers. In addition to the shortage of input quantities, the mismanagement of composite insurers to earn enough net premium and the wastage of equity capital are the reasons behind their inefficiencies in premium accumulation. To enhance the efficiency of investment capability, local insurers need to increase their total investments and subsequently investment income. 
